Delivery and implementation strategies are key to curriculum success. There is growing evidence that team-based learning (TBL) is an effective way of interactive teaching. TBL is a method that uses learning teams to enhance student engagement and quality of learning. Individual accountability for out-of-class reading is followed by individual and group assessment. In-class application exercises, which is the hallmark of team-based learning promotes both learning and team development. TBL uses educational principles of transforming traditional content into application of knowledge and problem solving skills in an interactive learning environment. To experience the structural framework and to determine the students' perception about TBL in clinical setting of MBBS program in a Malaysian medical school. A total of 120 students assigned to 22 small subgroups of 5-6 per group underwent a number of TBL sessions delivered in three phases. In Phase I, students were assigned reading material. In Phase II, students were assessed through One Best Answer (OBA) items for individual and group readiness assessment test as individual readiness assessment test (IRAT) and group readiness assurance test (GRAT) respectively followed by a mini-lecture. In Phase III, in-class application of learning activity was performed. Finally, peer assessment evaluated the contribution of peer in TBL. A TBL Classroom Evaluation Inventory (TBLCEI) developed to probe student's perception of TBL, comprised of 40 items composite scale with Cronbach's alpha at 0.881. In addition, students were asked to provide their estimated grade in end of the posting assessment. Grades were categorised into excellent pass >85%, high pass 70%-84%; average to good pass 50%-69% and fail <50%. These grades were measured against students' TBLCEI survey score using analysis of variance (ANOVA). Results were considered significant at p < 0.05. Results of one-way analysis of TBLCEI scores differed significantly across four estimated end of posting achievers groups, F (3,116) = 52.279, p < 0.001. Bonferroni's procedure of multiple comparisons indicated that mean value of TBLCEI score of excellent pass significantly higher [70.90 (3.684) switching over from traditional lecture to TBL in curriculum delivery. The students in TBL practice also delightfully embraced immediate feedback assessment technique (IF-AT) for partial credit based on number of attempts and selection of correct answer that was used in current study to score OBA in GRAT.
INTRODUCTION
Delivery and implementation strategies are key to curriculum success. Innovative teaching and learning methods such as problem-based learning (PBL) are developed to meet objectives of integrated and interdisciplinary curriculum particularly in the preclinical phase of a medical program. Over the last two decades, teambased learning (TBL) emerged as a new educational strategy to harness the benefits of small group learning within large classes (1) .
TBL: History and Structure
Popularised by Larry Michaelsen in early 1990s at University of Oklahoma, TBL was conceptualised as an innovative educational strategy to promote active engagement and quality learning (2) . TBL is a method that uses learning teams to enhance student engagement and quality of learning (3) . The teamwork in TBL is ensured through a permanent, long-term team consisting of 5-7 students with evenly distributed diversity of skills. TBL begins with preclass student readings and completion of assignments usually one to three weeks before joining class (4, 5) . In-class session starts with students taking an individual readiness assessment test (IRAT), which consists of approximately 10 multiplechoice questions (MCQs) preferably one best answer (OBA), testing the students' acquired knowledge from reading material often at factual recall to application level of Bloom's Taxonomy (6) . IRAT is followed by a group readiness assurance test (GRAT). In GRAT same MCQs (OBAs) are administered for students to respond as a group who are provided with immediate feedback using an immediate feedback assessment technique (IF-AT).
IF-AT enables students to discuss each item in depth before scratching silver coding to reveal the correct answer. Every attempt taken to reach the right answer is provided with partial credit of a preselected rubric by the supervisor. IRAT and GRAT are subsequently followed by facilitator's feedback with an open book session allowing the students a right to appeal in case they disagree with their choice of the correct answer. Clearing misconceptions are collectively handled by a mini-lecture of 10-15 minutes in which all gray areas are identified and explained. Next steps include another in-class activity with application of knowledge using problem-based scenarios that require problem solving and criticalthinking skills to apply the newly acquired knowledge to solve problems. Ultimately, students will evaluate their peers in a realistic way to credit those who worked hard and contributed more in-group work versus those who did not work as hard.
Implemented in this way, TBL encourages individual accountability for out-of-class work such as reading and homework. The carefully designed and guided inclass application exercises, which is the hallmark of TBL, meanwhile, ensures group interaction, is mandatory to complete the assigned tasks (7) . Incentives in the form of credit points will also be rewarded for working effectively as a team. These in turn, nurture the development of high levels of group cohesiveness and overcome the problems of free riders and members conflict (8) .
TBL: Theoretical Underpinning
TBL uses educational principles of transforming traditional content (didactic lecture) into application of knowledge and skills in an interactive learning environment. TBL is specially designed to introduce comprehensive reading habits in an integrated curriculum, which aims to promote active learning and decrease formal lecture time. In basic sciences courses, it is possible to eliminate formal lectures and replace them by mini-lecture developed on students misconceptions identified during the TBL sessions. Mini-lectures are developed often with spot-on misconceptions picked up by supervisors and shown by students despite of comprehensive out of class reading and inside class activities based on concomitant learning and assessment sessions in TBL. A series of activities are provided to help students build baseline facts into a framework of conceptual interpretation and understanding (9, 10) .
TBL encourages students to take the responsibilities of their own learning and actively participate in the process of learning under the supervision of a teacher as facilitator. TBL incorporates the main elements of constructivists learning, in which the focus is on acquiring new knowledge and understanding built upon inconsistencies and gaps between existing knowledge and new experiential learning contributed by peers, reading materials and teachers. TBL provides students with opportunities to reflect and make positive arguments as an individual and as a team, which promotes collaborative learning. TBL promotes interpersonal skills (11) with emphasis on learning how to learn, work, interact, and collaborate in a TBL environment (12) . These active learning facilitate greater long-term knowledge retention compared to a traditional passive lecture-based curriculum (13) . A focus on contextualised problem delivered with interactive discussion of students as a team promotes healthy learning environment and consolidate the process of learning.
Literature Evidence
There is growing evidence that TBL is an effective way of incorporating interactive small group peers teaching and enthusiasm for learning (14) . In a medical gross anatomy course at the Wright State University School of Medicine, USA, it was demonstrated that students' steadily improve in day-to-day preparation to learning with corresponding reduction in examination's failure rate (15) . A similar finding of improved attitude towards learning preparation was also reported at New Jersey Medical School, USA (16) . In an earlier study at the same institution, it was also reported TBL implementation contributes to increased performance in examination score (5) . A more comprehensive report on TBL showed that nine out of ten medical schools in USA which adopted TBL continued to do so after ten years with notable improvement in students' mastery of content, analytic reasoning, problem solving, teamwork skills, communication skills and knowledge outcome (17). In the context of basic science teaching, these achievements help students to construct relevant basic sciences concepts for in-class application of clinical problem solving (9, 10, 15) .
This subsequently promotes self-directed learning and enhances adaptability to problem solving situations (18) . A Korean study of medical ethics and a USA study of medical anatomy showed TBL not only improves students who are academically weak, but also enhances achievement of excellent students (19, 20) . A consistent finding also suggested that low-performing students appear to benefit more (21) . Another study in comparison, showed not only students who took a biology course via TBL enjoyed overall improved academic performance; they also had less number of students dropped from the course compared with the group who underwent traditional lectures (22) .
Active participation in an engaging environment appears to be the underpinning of these outcomes (21, 23) . Students taught using TBL as a method of delivery of curriculum perform better in assessment with mastery of core knowledge and skills of course content (15, 16) compared to traditional methods (24) . Faculty members perceive TBL for its impact on student behaviours, including being better prepared for class, more engaged during class, and taking more responsibility for their own learning (25). TBL also provides greater student to instructor engagement than traditional lecture during the learning process (13) .
Rationale of Study
Despite growing evidence of its effectiveness, TBL implementation is still relatively new among medical institutions compared with other established pedagogy (1). To our knowledge, TBL does not appear to be a main method of teaching either during basic science or clinical science phase of a medical program in Malaysia's medical schools. Furthermore, studies which specifically explored student perception towards TBL class organisation, teamwork, teachers and students' role and performance appear to be limited. Hence, this study aims to evaluate students' perceptions of their TBL experiences on these domains via introduction of IF-AT scratch card system. We aim to demonstrate practicality and positive outcomes of implementing TBL within Malaysian settings. Findings of this study will uniquely contribute to evidence of effective TBL implementation to facilitate decision making on shifting the emphasis of teaching and learning from traditional lectures towards TBL among Malaysian medical schools.
METHODS
One hundred and twenty of 4th year medical students from Universiti Sultan Zainal Abidin, UniSZA (58 from 2015 cohort and 62 from 2016 cohort during their ENT/Ophthalmology clinical posting) were recruited through convenience sampling in the study. Each cohort was divided into two equal halves and those posted to ENT further divided into two small groups of 15 to 17 students. Each group was then broken into five to six students per subgroup to undergo the TBL ENT teaching under the supervision of the lead author of this study. The TBL sessions covered three themes of clinical topic of sore throat, hoarseness and stridor which otherwise were traditionally delivered via a formal lectures. One hundred percent response rate with no missing data was recorded. Questionnaire was administered immediately after students have completed all three phases of TBL.
TBL Classroom Environment Inventory (TBLCEI)
A TBL Classroom Evaluation Inventory (TBLCEI) was developed (see Appendix) after a thorough review of the literature, which entailed compiling and adapting publicly available questionnaires pertaining to student preference for TBL (26, 27, 28, 29) . The content experts opinion was also obtained to evaluate each item for its relevance to four factors inquired about students' perception of TBL, teamwork performance, teachers' role and students' performance. A pilot study was conducted in usual way to validate current TBL inventory addressing students' difficulty in understanding the items of inventory and experts' content opinion to avoid redundancy of items and all relevant aspects covered. Factor analysis, however, was beyond the scope of this study in which students' number were limited to meet the requirement of 5 subjects per item for principal component analysis, which in current study meant at least 200 students. A 40 items TBLCEI was finally administered to probe student's opinion with 10 items each for TBL perception, teamwork performance, teachers' role and students' performance respectively (see Appendix). In view of reliability as internal consistency and not as dimensionality of 40 items composite score determined by Cronbach's alpha was as high as 0.881 for TBLCEI.
In addition, students were asked to provide their estimated grade in end of the posting assessment comprising of 15 multiple true false (MTF) questions, 5 OBA items, 2 problem based questions (PBQ) and 3 Objective Structured Clinical Examinations (OSCEs). Grades were categorised into excellent pass >85%, high pass 65%-74%, average to good pass 50%-64%, and fail <50%. Students estimated score leading to their own created grades categories were later verified with their actual achievement score at the end of posting (EOP) assessment. Students' own allocated grades were used to compare with their responses on TBLCEI using a 5-point Likert scale from 2, 1, 0, -1 and -2 with a maximum score of +40 and a minimum score of -40 (see Appendix). The grades were compared against students' respondent score of TBLCEI, using analysis of variance (ANOVA).
Results were considered significant at p < 0.05.
TBL Structure Used in Current Study

Phase-I TBL
A total of 120 students assigned to 22 small subgroups were maintained throughout the posting. TBL was delivered in three phases (see Figure 1) . In Phase I, students were assigned reading from carefully selected textbook and literature materials by the supervisor to help them prepare for IRATs. The same test was later administered to complete as GRATs. Reading materials were posted a week earlier than the actual TBL day, taking care not to overload them with weekend reading. Author restricted the reading to 20-30 pages based on a theme (see Figure 1) . Normally 30-50 pages with enough time to read are allowed in TBL.
Phase-II TBL
This phase of TBL started with IRAT, utilising 10 OBA items to be completed in 10 minutes (see Figure I) . Later the same OBA items were administered for GRAT while facilitators marked the IRAT responses of every student. The score achieved by each student enabled the facilitator to know students' individual performance and give feedback if required. In GRATs students were given 20 minutes for 10 OBA items to discuss each item among the group members and respond with consensus by scratching an IF-AT Epstein Educational Enterprises, Cincinnati, OH scratch cards.
A 10 OBA items was developed to follow five options rectangle (see Figure 2 ) with four distractors and one correct answer (A, B, C, D, and E) according to the key provided by IF-AT scratch card system. After the team agreed to one choice answer, the rectangle thin silver opaque covering was scratched off. Immediate feedback provided with incorrect answer allowed students' to discuss the items with analytic reasoning before scratching the next rectangle in a collaborative environment. Additional choices until the correct answer were provided with partial credit using a preset rubric (see Figure 2 ). This was followed by brief feedback session from facilitator in which students were allowed to appeal however, providing authentic reference to support their viewpoint. This ultimately led to a mini-lecture of about 10-15 minutes that focused on students' misconceptions identified during IRAT and GRAT. 
Phase-III TBL
In Phase III, a subsequent in-class application of learning activity comprising of a significant problem that required students to make significant decision as a team. All teams worked on the same problem and at the same time and later reported simultaneously for intergroup discussion under supervision (see Figure 1) . This was one of the most liked activities by the students. In this session students were asked to inform the class about their decision mostly set to diagnose. In a situation of disagreement among the teams, class was opened to debate on issues defending their viewpoints. Teacher in a facilitator role supervised the discussion with feedback if require. This session was also observed for students' performance as a team.
At the end of the session all students were advised to assess the contribution of their fellow members in the team for their participation in TBL. They were informed of rating criteria based on a realistic assessment rather than on friendship basis. Students were provided with guidelines (see Table 1 ) that help them to assign the score, which reflected a true judgement about the other members in their team for their contribution. Students accordingly acknowledged the contribution of those who worked harder than others in the team. Students were fully assured of confidentiality of peer assessment and provided with a a preset rubric (see Figure 1 and Table 2 ). Peer evaluation used a structured format that prevented them from unrealistic scoring. Ultimately students were graded by the facilitator taking into their individual (IRAT) as well as team performance (GRAT) of readiness assurance test, upheld appeals, in-class application activities and peer review score given by the students to each other (see Table 3 ). The students' performance was documented for reporting of coordinator. Group Interaction Seldom (1) Partial (3) Thorough (5) Knowledge Domain Average (2) Good (3) Very good (5) Confidence Level Low (1) Average (3) High (5) Group Attitude Unsatisfying (0) Partially Satisfying (3) Satisfying (5) Total Group overall performance based on supervisor's observation
RESULTS
All 120 respondents participated with their score of TBLCEI and estimated score of EOP assessment duly completed. Based on students' estimated score they were categorised into excellent pass 20 (16.66%), high pass 37 (30.83%), average to good pass 45 (37.50%), and fail 18 (15.00%). However, after the EOP assessment the ultimate grades of students were excellent pass 13.75%, high pass (35.50%), average to good pass (41.29%), and fail (9.45%).
One-way ANOVA was used to compare mean differences of TBLCEI score between different groups of estimated scores by students in EOP assessment. TBLCEI scores differed significantly across four estimated EOP achievers groups, F (3;116) = 52.279, p < 0.001 (see Table 4 ). Figure 3 ). 
DISCUSSION
In curriculum, delivery methods of teaching and learning has long been debated and questioned in literature. Formal or traditional lectures are the most commonly employed method used in problemoriented teaching and perhaps need to be restricted in curriculum. For long, lectures have been delivered in isolation and with monotonous uniform formats, hindering analytic reasoning skills and deeper learning approaches (30) . The emphasis in curriculum delivery currently is on interactive lectures and ways to reduce didactic delivery. Basic sciences teachers in the preclinical phase of undergraduate medical education commonly ask, how to accomplish given curriculums without formal lectures in place. Yet, student-centred learning demands a curriculum that has as many self-study slots as face-to-face learning slots in students' daily teaching and learning activities. One option is to find a new delivery method in curriculum implementation that can replace didactic lectures by interactive lectures achieving both students' engagement as well as coverage of topics (lessons) that remain the same in an integrated curriculum.
TBL is capable to fulfill these needs. TBL can be delivered within a large-group setting while ensures feedback on tasks performed is frequent on both, individual and team efforts at various steps in the process (see Tables 2 and 3 ). Realistic peer feedback is another important feature of TBL that acknowledges peer appreciation for hardworking colleagues. Students in TBL learn to know the significance of authentic versus casual peer rating (23) and this has also been observed in current study (see Table  1 ). The current study indicates that TBL reduces faculty burnout by promoting increased student responsibility, engagement in the learning process, and increased opportunities for positive teacher-student interactions. TBL as implemented in this study devoted most of in-class time to small group activities, necessitating a shift in the role of the instructor from dispenser of information to manager of the learning process. Surprisingly it was also found that classroom attendance improved and so did the motivation of students' in their efforts to do pre-class preparation. It is further observed that TBL has also helped students to clear their misconceptions and enhance interpersonal and team skills, in a class of 20 to 30 students. It motivated students to learn how to learn, work as a team, and interact collaboratively to solve a problem.
TBL was found to help students who are not interested in subject matters, who do not complete their homework, and who have difficulty in understanding the subject (31) . TBL transforms traditional content into problem solving case scenario while employing an interactive learning approach. TBL is especially useful where tasks performed as a team are to be accomplished as a project or assignment (32) . TBL is also important for greater long-term knowledge retention. Teaching the students with TBL increases students' engagement in an outcome-based education with opportunities of frequent and immediate feedback using IF-AT scratch card system. Apart from receiving feedback students also learned to experience realistic peer evaluation based on informed peer assessment in current study (see Table 1 ).
Results of one-way ANOVA between excellent pass/high pass/average to good pass and fail students indicated that excellent pass rated perceptions of TBL, performance of teamwork and supervisor and students' role higher than high pass, average to good pass, and fail categories of students' performance (see Table 4 ). However, each had overall positive ratings and it is observed that students favourably liked TBL for interactive learning irrespective of their grades (see Figure 3) . A positive response for TBL from students is encouraging to consider switching over from traditional to TBL in delivery of curriculum in future. TBL can easily transform traditional content into problem solving case scenarios, requiring an interactive approach. It has been understood that students' liking for TBL because of their engagement marked with opportunities of frequent and immediate feedback using IF-AT scratch cards. IF-AT system has also helped supervisors to conveniently practice partial credit system.
CONCLUSION
Introducing TBL in clinical teaching was a good experience with regard to TBL format practiced in three phases. TBL in current study was developed for guidelines of its implementation, supervisor's scoring rubric, peer evaluation procedure, IRAT, GRAT, mini-lecture, problem-solving scenarios and partial credit using IF-AT system, for the first time ever in a medical school in Malaysia. Students' preparedness for classes after reading through the preclass assignments of textbook and literature material was another achievement observed in this study. Students also learned how to give a meaningful and realistic peer evaluation. It is concluded that medical students favourably liked TBL for interactive learning irrespective of their grades. A positive response for TBL from students is encouraging to consider switching over from traditional to TBL in delivery of curriculum in future. 
